Similarly, a decreased CRC risk was also found in the dominant and recessive models. When stratifying for ethnicity, source of controls, and study sample size, associations were observed among Caucasians, population-based studies and studies with large study sample size (>1000 subjects). Limiting the analysis to the studies within Hardy-Weinberg equilibrium, the results were persistent and robust. No publication bias was found in the present study. Conclusions: This updated meta-analysis suggests that the VDR BsmI polymorphism may be associated with a moderate protective effect against CRC.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second in females, with over 1.2 million new cancer cases and 608,700 deaths estimated to have occurred in 2008 (Jemal et al., 2011) . In Asia, CRC is the fourth leading cause of mortality by cancer, and its incidence is increasing (Sung et al., 2005) . In recent years, the incidence of CRC is increasing in China, which accounts for about 6.5% of total cancers in urban areas and 4.6% in rural areas (Zhao et al., 2010) . Many factors contribute to the development of CRC, including environmental factors; for example, Garland and Garland (Garland and Garland, 1980) hypothesized two decades ago that higher incidence rates for CRC in areas with lower sunlight exposure might be attributable to lower levels of vitamin D. But not only environmental factors are involved. In recent years, the relationship between the genetic susceptibility to CRC and single nucleotide polymorphism (SNP) has become a focus of research.
Vitamin D is an important factor for calcium homeostasis and modulation of cell cycle kinetics and is thought to protect against colorectal cancer (CRC) in sufficient concentrations (Giovannucci, 2007; Garland et al., 2009; Pilz et al., 2009; van der Rhee et al., 2009 ). Many of the actions of vitamin D are thought to be mediated by the vitamin D receptor (VDR), a member of the nuclear receptor super-family that is present in different cell types. The VDR can also regulate other vitamin D inducible genes involved in processes of inflammation, immune function, estrogen metabolism, insulin-like growth factor-I signaling, and regulation of intestinal calcium absorption (Jones et al., 1998; Uitterlinden et al., 2004; Thorne and Campbell, 2008) . The importance of the VDR in relation to cancer risk has been experimentally demonstrated in vitro and in vivo (Thorne and Campbell, 2008) . It is possible that the effects of vitamin D may differ among individuals depending on variations in the activity of the VDR.
The human VDR gene, which consists of nine exons, is located on chromosome 12. More than 100 single nucleotide polymorphisms (SNPs) have been described within its 67076-bp sequence. Molecular epidemiological studies have shown that polymorphisms in the VDR gene may be linked to biological functions of vitamin D. Such as, the VDR BsmI polymorphism is located in intron 8 of the VDR gene (Kim et al., 2001) . It is thought that the 3-UTR region of the VDR gene is involved in the regulation of mRNA stability, so polymorphisms in this region could be involved in the degradation of the VDR mRNA and consequently in receptor density (Beelman and Parker,1995) . Given the importance of the gene, a number of studies have explored the role of VDR polymorphisms in modulating cancer risk in various tissues.
Over the last two decades, a number of case-control studies were conducted to investigate the association between VDR BsmI polymorphism and CRC risk in humans. However, the results of these studies are conflicting. In recent years, two meta-analyses (Touvier et al., 2011; Bai et al., 2012) had been published to assess the association between VDR BsmI polymorphism and CRC risk. The two studies found that this polymorphism was associated with a decreased CRC risk and suggested that further studies were needed to confirm these results. However, the two studies had some limitations, such as relatively small sample size, few included studies were from Asians, some of the extracted data (revealed in Bai et al's study (Bai et al., 2012) ) were incorrect. Moreover, a number of studies were published after that period. In order to derive a more comprehensive estimation of the association between VDR BsmI polymorphism and CRC risk, we conducted a meta-analysis from 14 eligible casecontrol studies to evaluate the association.
Materials and Methods

Literature search strategy
We searched the Medline, Embase, China National Knowledge Infrastructure (CNKI) and Chinese Biomedicine databases for all articles on the association between VDR polymorphisms and CRC risk (last search update 21th November 2013). The following key words were used: "colorectal" or "colo*", "cancer" or "tumor" or "carcinoma", "VDR" or "Vitamin D Receptor", and "polymorphism" or "allele" or "genotype". The search was without restriction on language, conducted on human subject. The reference lists of reviews and retrieved articles were hand searched at the same time.
Inclusion and exclusion criteria
The following criteria were used to include published studies: (i) case-control studies were conducted to evaluate the association between VDR BsmI polymorphism and CRC risk; (ii) sufficient genotype data were presented to calculate the odds ratios (ORs) and 95% confidence intervals (95%CIs); (iii) The paper should clearly describe CRC diagnoses and the sources of cases and controls. Major reasons for exclusion of studies were (i) review, or meta-analysis, or editorial, or comment; (ii) duplicated studies, or studies without raw data we need; (iii) studies that focused on HNPCC or FAP. Family-based studies of pedigrees with several affected cases per family were also excluded, because their analysis is based on linkage considerations.
If more than one article was published by the same author using the same case series, we selected the study where the most individuals were investigated.
Data extraction
Two investigators (Kun Yu and Jing Yang) extracted information from all eligible publications independently according to the inclusion criteria listed above. Disagreements were resolved by discussion with coauthors. The following characteristics were collected from each study: name of first author, year of publication, ethnicity, the country of participants, number of cases and controls, genotyping methods, minor allele frequency (MAF) in controls, evidence of Hardy-Weinberg equilibrium (HWE) in control group, source of control group (population-or hospital-based controls), genotypes and others (Table 1) . If original genotype frequency data were unavailable in relevant articles, a request was sent to the corresponding author for additional data. In this study, population-based case-control study (PCC) was defined as controls from healthy people, and hospitalbased case-control study (HCC) were from hospitalized patients and outpatients.
Statistical analysis
We first assessed HWE in the controls for each study using goodness-of-fit test (chi-square or Fisher's exact test) and a P<0.05 was considered as significant disequilibrium. The strength of the association between CRC and the VDR BsmI polymorphism was estimated using crude ORs, with the corresponding 95%CIs. In addition, Z-test was also used, and the P value<0.05 indicated statistical significance for the association. The pooled ORs were performed for co-dominant model (BB vs bb, Bb vs bb), dominant model (BB+Bb vs bb), and recessive model (BB vs Bb+bb).
Both the Cochran's Q statistic (Cochran, 1954) to test for heterogeneity and the I 2 statistic to quantify the proportion of the total variation due to heterogeneity (Higgins et al., 2003) were calculated. A P value of more than the nominal level of 0.10 for the Q statistic or the I-squared less than 50% indicated a lack of heterogeneity across studies, allowing for the use of a fixed-effects model (the Mantel-Haenszel method) (MANTEL and HAENSZEL,1959) ; otherwise, the random-effects model (the DerSimonian and Laird method) was used (DerSimonian and Laird, 1986) . The Galbraith plot was used to detect the potential sources of heterogeneity (Galbraith,1988) . Heterogeneity was also explored using subgroup analysis with ethnicity (Asian/Caucasian), source of controls (PCC/HCC), study sample size (>1000 subjects/≤1000 subjects) and HWE in controls (Yes/No).
Sensitivity analyses were performed to assess the stability of the results, namely, a single case-control study in this meta-analysis was omitted each time to reflect the influence of the individual data set to the pooled OR. Several methods were used to assess the potential publication bias. Visual inspection of funnel plot asymmetry was conducted. The Begg's rank correlation method (Begg and Mazumdar,1994) DOI:http://dx.doi.org/10.7314/APJCP.2014.15.12.4801 The VDR Bsm1 Polymorphism and Colorectal Cancer Risk weighted regression method (Egger et al., 1997) were used to statistically assess publication bias (P < 0.05 was considered statistically significant). All analyses were done using STATA software, version 11.0 (STATA Corp., College Station, TX, USA). All the P values were two-sided.
Results
Characteristics of studies
We identified 72 relevant studies when searched the databases. Through screening the title and reading the abstract and the entire article, a total of fourteen eligible studies (Slatter et al., 2001; Speer et al., 2001; Slattery et al., 2004; Park et al., 2006; Flugge et al., 2007; Kadiyska et al., 2007; Slattery et al., 2007; Parisi et al., 2008; Theodoratou et al., 2008; Jenab et al., 2009; Li et al., 2009; Hughes et al., 2011; Mahmoudi et al., 2011; Gunduz et al., 2012) involving 10822 cases and 11779 controls were included in the pooled analyses finally. The characteristics of selected studies are summarized in Table  1 . There were eleven studies of Caucasian patients, three studies of Asian patients. Studies had been carried out in USA, Hungary, South Korea, Bulgaria, Germany, Spain, UK, China, Czech, Iran and Turkey. The cases definition used in the individual studies were pathologically or histologically diagnosed with CRC. Controls were mainly healthy populations and matched for age and/or sex, of which five were population-based and nine were hospitalbased. There was a wide variation in the VDR BsmI B allele frequency among different ethnicities, ranging from 5.0% in an Asian population (Park et al., 2006) to 74.0% in another Asian population (Li et al., 2009) were in agreement with HWE except for four studies (Slattery et al., 2004; Theodoratou et al., 2008; Li et al., 2009; Gunduz et al., 2012) . Table 2 listed the main results of this meta-analysis and Figure 1A -1D showed the association of CRC risk with VDR BsmI polymorphism. Overall, the variant genotype (BB) of the BsmI was associated with a lower CRC risk when compared with the wild-type bb homozygote (OR=0.66, 95%CI=0.49-0.88). Similarly, a decreased CRC risk was also found in the dominant and recessive models (dominant model, OR=0.76, 95%CI=0.62-0.93; recessive model, OR=0.75, 95%CI=0.60-0.96).
Quantitative synthesis
On the basis of the potential underestimation of the true effect of the polymorphism on the CRC risk, we stratified these studies according to ethnicity, source of controls and study sample size. Different ethnicities were categorized as Asian and Caucasian. Different source of controls were defined as HCC and PCC. When stratifying for ethnicity, we found that the BsmI polymorphism was associated with a lower CRC risk among Caucasians (BB vs bb, OR=0. 
Heterogeneity and sensitivity analyses
Significant heterogeneity between studies was observed in overall comparisons and also subgroup analyses. To identify which of the 14 studies may be sources of heterogeneity, we used a Galbraith plot to assess the potential sources of heterogeneity. Li et al's study (Li et al., 2009 ) was found to be contributor of heterogeneity for the BsmI polymorphism (Figure 2) . We re-evaluated the association after excluding the outlier study with reduced heterogeneity under various genetic models (BB vs bb: Pheterogeneity =0.87; Bb vs bb: Pheterogeneity=0.29; dominant model: Pheterogeneity=0.54; recessive model: Pheterogeneity=0.56). Moreover, in the overall analysis, the significant association between the polymorphism and CRC risk was also detected, which was similar with the result when the outlier study was included (data not shown). In the sensitivity analysis, the influence of each study on the pooled OR was examined by repeating the meta-analysis while omitting each study, one at a time. This procedure confirmed the stability of our overall results. In addition, when excluding the studies that were not in HWE, the results were persistent and robust (Table 2) . DOI:http://dx.doi.org/10.7314/APJCP.2014.15.12.4801 The VDR Bsm1 Polymorphism and Colorectal Cancer Risk 
Publication bias
Funnel plot, Begg's and Egger's tests were performed to evaluate publication bias of the literature on CRC. Figure 3 displayed a funnel plot that examined the VDR BsmI polymorphism and overall CRC risk included in the meta-analysis in the homozygous comparison. 
Discussion
The present meta-analysis, including 10822 cases and 11779 controls from 14 case -control studies, explored the association between the BsmI polymorphism of the VDR gene and CRC risk. Therefore a larger sample size and increased statistical power could be obtained. Overall, we found that the BsmI polymorphism was associated with a decreased CRC risk. When stratifying for ethnicity, source of controls, and study sample size, the significant association was observed among Caucasians, populationbased studies and studies with large study sample size (>1000 subjects). Limiting the analysis to the studies within Hardy-Weinberg equilibrium, the results were persistent and robust.
Biological and epidemiological data suggest that vitamin D levels may influence cancer development. Vitamin D, a steroid hormone, exerts its biological effects through the active metabolite 1a , 25 dihydroxy-vitamin D3 (1,25 (OH) 2 D 3 ), whose activity requires binding to the VDR. The VDR is an intracellular hormone receptor that specifically binds the biologically active form of vitamin D, and interacts with specific nucleotide sequences (response elements) of target genes to produce a variety of biologic effects (Raimondi et al., 2009) . The VDR gene is located on chromosome 12q12-q14 and several SNPs have been identified that may influence cancer risk. The most frequently studied SNPs are the restriction fragment length polymorphisms FokI and BsmI , as defined by the endonucleases FokI and BsmI, respectively. For example, Rasool et al (Rasool et al., 2013) recently studied the relationship between the VDR Fok I polymorphism and CRC risk in Kashmir and revealed that a possible role of Fok I polymorphism in the etiology of CRC in Kashmir. Since Slatter et al (Slatter et al., 2001) first examined the association between the VDR polymorphism and the risk of CRC, a number of studies have been conducted to evaluate the role of BsmI polymorphism in the VDR gene on CRC risk. However, the results remain conflicting rather than conclusive. In recent years, two meta-analyses (Touvier et al., 2011; Bai et al., 2012) were published to assess the association and revealed that this polymorphism was associated with a decreased CRC risk. However, the two studies had some limitations, such as relatively small sample size. In Bai et al's meta-analysis (Bai et al., 2012) , a total of 12 original studies were included for the VDR BsmI polymorphism and CRC risk. However, upon careful study, we found that several studies which detected VDR BsmI polymorphism and colorectal adenoma risk were also included in the 12 original studies. Moreover, a number of studies were published after that period. Therefore, an updated meta-analysis of association between VDR BsmI polymorphism and CRC risk was of great value.
Our results were consistent with that of the two previous meta-analyses (Touvier et al., 2011; Bai et al., 2012) , which further confirmed the conclusions of the two previous meta-analyses. However, our results were not consistent with several meta-analysis about VDR BsmI polymorphism and other cancer risk. For instance, Mahmoudi et al. (2014) recently found that Vitamin D Metabolism -Related Gene (including VDR) Variants was not associated with Risk of Colorectal Cancer in Iranian population. In recent, Zhang et al. (2013) performed a meta-analysis to detect VDR BsmI polymorphism and ovarian cancer risk and found that there was no association between VDR BsmI polymorphism and susceptibility to ovarian cancer in Caucasians. Moreover, Du et al. (2014) performed an updated meta-analysis involving 23,020 subjects to re-evaluate vitamin D receptor gene BsmI polymorphism and breast cancer risk. Similarly, this meta-analysis suggested that there were no associations between VDR BsmI polymorphism and breast cancer. Although the reasons for this difference are as yet unknown, some possibilities should be considered. First, those gene-variant associations vary in different kinds of diseases and may result from the different mechanisms of carcinogenesis among different kinds of tumor. Second, different ethnic composition may contribute to the discrepancy. Different meta-analyses included different original studies which were performed in different races and the ethnic composition in different meta-analyses may be diversity. Third, some methodological diversity, such as inclusion criteria, the quality of original studies, selection bias Type Ⅰ error and study sample size, also can contribute to the discrepancy.
Because the allele frequencies of polymorphisms and their effects on the cancer risk were diverse in the different ethnicities, we carried out subgroup analysis by ethnicity. The results demonstrated that VDR BsmI polymorphism was associated with a decreased CRC risk among Caucasians, while there was no association between VDR BsmI polymorphism and CRC risk among Asians. The null result may be due to the limited number of studies with only three studies from Asian available in this meta-analysis. Moreover, results of meta-analyses often depend on control selection procedures (Benhamou et al., 2002) . Different controls source may be a confounding factor which may impact on the conclusion of our study because of case-control studies. In order to eliminate interference from the confounding factor, we performed subgroup analysis by source of controls. Our results showed that the significant association between VDR BsmI polymorphism and CRC was observed among PCC, but not among HCC. This may be due to that the HCC studies have some selection biases because such controls might be ill-related population, and may not be a representative of the general population.
One of the major concerns in a sound meta-analysis is publication bias due to selective publication of reports. In the current study, Begg's funnel plot and Egger's test were performed to evaluate this problem. Both the shape of funnel plots and statistical results did not show publication bias. Another important issue for any meta-analysis is the degree of heterogeneity that exists between the component studies because non-homogeneous data are liable to results in misleading results. In the present study, the Q-test and I 2 statistics were carried out to test the significance of heterogeneity. Obvious heterogeneity between studies was observed in overall comparisons and also some subgroup analyses. In an attempt to find the sources of heterogeneity, a Galbraith plot was drawn, and one study was thought to serve as the main contributors. The heterogeneity was significantly reduced when excluding the outlier study. Moreover, we re-analyzed the association after excluding the outlier study; the conclusion was still consistent in overall comparisons.
Some limitations of this meta-analysis should be addressed. First, the number of studies and the number of subjects in the studies included in the meta-analysis by specific subgroups were small (such as Asian studies), thus, caution should be adopted when explaining our results. Second, our meta-analysis was based on unadjusted OR estimates because not all published studies presented adjusted ORs or when they did, the ORs were not adjusted by the same potential confounders, such as age, sex, ethnicity and exposures. Lacking of the information for the data analysis may cause serious confounding bias. Third, there was significant between-study heterogeneity from studies of the polymorphism, and the genotype distribution also showed deviation from HWE in some studies.
In conclusion, this meta-analysis reveals that the VDR BsmI polymorphism may have a potential protective effect on CRC. Since limited studies were from Asian population, it is critical that larger and welldesigned multicentric studies, especially Asian studies, should be performed to re-evaluate the associations. Moreover, further studies estimating the effect of geneenvironment interactions may eventually provide a better, comprehensive understanding of the associations between the VDR BsmI polymorphism and CRC risk.
